Abstract -We synthesized highly exfoliated graphite fluoride of approximate composition C 2 F by treating highly exfoliated graphite with ClF 3 . The formed material was found to be dispersible in solvents giving 1 -5 layered fluorinated graphene. Dispersions successfully formed in polar organic solvents capable of establishing hydrogen bonds. The highest stability is achieved in branched alcohols such as tert-butanol. The dispersions may be further processed into thin films by vacuum filtration technique. Also, composite multilayered films of graphene fluoride and graphene may be prepared.
INTRODUCTION
Fluorine has a number of influences on graphene modifying its electronic properties, introducing scattering centers and opening band gaps. The availability of processable fluorographene sheets in large quantities is essential to the success in exploiting its applications. Basically, there are two different approaches that have been followed to produce fluorinated graphenes: (1) fluorination of pre-synthesized graphene. This approach entails treating graphene prepared by mechanical exfoliation or by CVD growth with fluorinating agent such as XeF 2 or F-based plasmas; (2) exfoliation of multilayered graphite fluorides [1] [2] [3] [4] . Mechanical exfoliation of commercial or laboratory-made graphite fluoride was reported, but fragility of its monolayers made it difficult. More recently, in December 2010, liquid-phase exfoliation of graphite fluoride was described [3] . This approach to exfoliation was earlier developed for fluorinated carbon nanotubes [5] . The latter synthetic strategy would be a good alternative to the consecutive graphene synthesis and fluorination. One obstacle to this is a high stability of commercial covalent graphite fluorides, and another is its big particle size (thickness). In this study, we describe synthesis of highly exfoliated fluorographite material of composition C 2 F by fluorinating highly exfoliated graphite (HEG) [6, 7] and its dispersion in liquid medium with formation of few-layered fluorographenes.
II. EXPERIMENTAL PART

A. Materials
Natural graphite (ash content <0.05 mass %, particle size 200-300mm, Zaval'evsk coal field, Ukraine) was used for preparation of ɋ 2 F*xClF 3 and further HEG. The solvents methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, tertbutanol, isoamyl alcohol were of extra pure grade and supplied by Sigma Aldrich.
B. Fluorination of highly exfoliated graphite
In a typical procedure, HEG was prepared from intercalated compound ɋ 2 F*xClF 3 according to the method reported earlier [6] [7] . HEG was further fluorinated by vapors of chlorine trifluoride to yield fluorinated highly exfoliated graphite (FHEG). Pre-cooled Teflon reactor was filled with 20 -30 mL of liquid pre-cooled ClF 3 , the reactor was closed and cooled to liquid nitrogen temperature. Then, no more than 1 g of HEG was put in a container with holes for ClF 3 gas to access and situated inside the reactor. In 7 -10 days a gray-beige product with approximate formula C 2 F was formed.
C. Liquid-phase dispersion of highly exfoliated fluorinated graphite and film preparation
A small amount of FHEG (approximately 0.5mg) was mixed with 20 -30 ml of an organic solvent (methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, tert-butanol, isoamyl alcohol) and subjected to ultrasound treatment (280W) for 5 -60 min. It led to formation of homogeneous yellowish dispersions. Upon filtration through a membrane filter (ex. Anodisc 25 0.02 ȝm) a brownish film formed on the filter surface. By dissolving the membrane in an appropriate medium (3M NaOH) and consequent washes with water, it is possible to obtain a film floating on the water surface and recapture it on a substrate of choice. For this, a new substrate, e.g. quartz, was immersed in water, placed under the floating film and quickly lifter with the film staying on its surface with following oven drying. Alternate filtrations of HEG and FHEG dispersions may lead to composite films of multilayered graphene and graphene fluoride.
D. Characterization
Samples were studied by Scanning electron microscopy and energy dispersive analysis (SEM/EDX), Atomic Force Microscopy (AFM), X-Ray Diffraction (XRD) Ȝ=1.5418 Å, 40 kV, and 30 mA, Fourier transform infrared spectroscopy (FTIR), Ultraviolet-visible absorption spectroscopy (UVVis or UV/Vis) and XPS. We note that SEM/EDX gives only semi-quantitative results for light elements such as carbon and fluorine and the analysis of carbon-containing samples is further hampered by the use of carbon tape.
III. RESULTS AND DISCUSSION
Fluorination of highly exfoliated graphite by ClF 3 vapors gives a product with stoichiometry corresponding to C 2 F as was determined by mass uptake measurements, SEM/EDX (C 2.03 F 0.99 Cl 0.02 ) and XPS (C 2 F 0.84 Cl 0.05 ). The product has a wrinkled morphology similar to the parent highly exfoliated graphite as indicated by SEM (Fig. 1) .
The X-Ray diffraction pattern of FHEG (Fig. 2a) showed an intensive reflection at 2ș ~ 14 corresponding to d ~ 6.3 Å (a broad shoulder around 2ș ~ 22 is from the XRD holder). Noticeably, fluorination of natural graphite under the same conditions (ClF 3 , room temperature) produced an intercalated compound of composition C 1.97 F•0.13ClF 3 (Fig. 2b) . No reflections of intercalated compounds are detected for HEG fluorination.
We found that FHEG is easily dispersible in alcohol solvents under mild sonication (280W) for 5 -60 min. The tested solvents include methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, tert-butanol, tert-isoamyl alcohol. Almost instantly, the mixture appeared homogenous and demonstrated Tyndall effect (light scattering) typical for colloids. The longer sonication times produced more stable dispersions. Dispersions in short-chain alcohols (methanol, ethanol) were metastable and precipitated after several hours. The best solvents were alcohols with branched chain such as tert-butanol. Consistently with these observations, UV-vis spectra of the dispersions showed higher absorbance for t-BuOH dispersions with maxima at ~234nm and ~301 nm.
Filtration of the dispersions over a membrane filter yields a fluorographene film deposited on the filter. After the membrane dissolution in 3M NaOH and consequent water washes, the film floats on the water surface and may be transferred to other substrates such as quartz, PET, etc. It has a light brown color and seems half-transparent. It is possible to control its thickness by varying filtration volume of the dispersions. SEM shows some surface wrinkles, as often observed for the films prepared by vacuum filtration. We also prepared composite films by filtering first FHEG dispersion, and then HEG dispersion. SEM shows layered structure of this material that may have interesting and unusual properties.
IV. CONCLUSION
Well-exfoliated graphite fluoride was prepared by fluorination of highly exfoliated graphite by ClF 3 vapors. The material has a composition of C 2 F but its structure is different from the reported C 2 F prepared with help of fluorine gas. Treatment in certain solvents leads to further exfoliation of the graphite fluoride to one and few-layered graphene fluoride platelets. Vacuum filtration methods allow to assemble them into films, including composite films graphene/graphene fluoride. 
